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Traumatic internal carotid artery injury treated
with overlapping bare metal stents under
intravascular ultrasound guidance
Victoria Stager, MD,a Rajesh Gandhi, MD,a David Stroman, MD,a Carlos Timaran, MD,b and
Harshal Broker, MD,a Fort Worth and Dallas, Tex
We report a case of traumatic internal carotid artery pseudoaneurysm near the skull base that was successfully treated with
anticoagulation and antiplatelet therapy and two overlapping bare stents placed under intravascular ultrasound guidance.
Although incomplete exclusion of the pseudoaneurysm was seen on completion angiography, follow-up computed
tomography angiography revealed complete resolution of the treated lesion. The patient remains asymptomatic at the
18-month clinical follow-up. This case report illustrates a successful endovascular treatment of a complex traumatic
pseudoaneurysm with bare metal stenting using intravascular ultrasound guidance. (J Vasc Surg 2011;53:483-6.)
l
o
d
h
a
p
p
T
i
p
a
c
n
c
t
m
n
r
a
6
t
f
p
s
i
n
c
e
s
t
i
d
wBlunt carotid injury (BCI) is a well-known entity oc-
curring in 0.5% of all reported head injury cases.1-3 Al-
though sometimes inconsequential and probably still un-
derdiagnosed, BCI has a precarious natural history andmay
result in disastrous outcomes, with estimated morbidity of
up to 80% and mortality of up to 40%.3,4
Carotid stenting has emerged as an effective alternative
for treatment of surgically inaccessible injuries of the inter-
nal carotid artery (ICA). The use of the double-stent tech-
nique for treatment of BCI has been implemented in few
patients. This technique involves the placement of two
overlapping bare metal stents to cover the neck of the injury
and the pseudoaneurysm and to maintain vessel patency.
Given the rigidity and poor trackability of current covered
stents into the distal vasculature, double stenting offers an
alternative strategy. We describe results of a complex distal
ICA pseudoaneurysm repair using overlapping self-expanding
stents in a patient monitored for 1 year. We discuss the
unique of use of intravascular ultrasound (IVUS) imaging
to aid the optimal deployment of the stents.
CASE REPORT
A 55-year-old woman sustained multiple injuries as the unre-
strained driver in a high-speedmotor vehicle collision. A computed
tomography angiogram (CTA) revealed a distal small left ICA
dissection and a complex pseudoaneurysm of the right ICA at the
level of C1 (Fig 1). The patient was treated for other life-threatening
injuries that included facial and rib fractures and a grade III splenic
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doi:10.1016/j.jvs.2010.08.032aceration that required an emergent splenectomy. On the first post-
perative day, antithrombotic therapy with aspirin (325 mg, once
aily) and full anticoagulation with intravenous unfractionated
eparin was initiated.
Once stable, she underwent bilateral carotid and cerebral
ngiography with IVUS imaging of the right ICA. Before the
rocedure, the patient complained of transient left-sided facial
aresthesia and paralysis but was otherwise neurologically intact.
here was no evidence of the pseudoaneurysm externally on phys-
cal examination.
A loading dose of clopidogrel (450 mg) was given to the
atient because of the possibility of stenting. Heparin was given
fter femoral sheath access, and an activated clotting time was
onfirmed to be 300 seconds. The arteriogram revealed a small
on-flow-limiting dissection of the distal left ICA and a large
omplex pseudoaneurysm in the distal right ICA below the base of
he skull with sluggish distal flow (Fig 2).
IVUS imaging showed the diameter of the right ICA was 5.2
m and the length of the injury was 2.5 cm. The true extent could
ot be appreciated by angiography. The neck of the pseudoaneu-
ysm spanned 2 cm by IVUS imaging compared with 1 cm by
ngiography (Fig 3). This finding led to longer stent selection. A
-  30-mm self-expanding Acculink carotid stent (Acculink Sys-
em; Abbott Vascular, Santa Clara, Calif) was initially placed,
ollowed by a second 6-  30-mm Acculink stent placed just
roximal to the first stent, with approximately 2 cm of stent-over-
tent overlap across the pseudoaneurysm neck, as guided by IVUS
maging. Embolic protection was not used because the distal
ature of the injury limited a distal landing zone for a filter.
A completion arteriogram showed rapid filling into the right
erebral circulation, with sluggish contrast stasis in the pseudoan-
urysm (Fig 4). IVUS imaging confirmed good placement of the
tents, with complete expansion, wall apposition, and exclusion of
he lesion (Fig 5). No postdilatation was performed because IVUS
maging confirmed complete stent expansion and apposition.
Postoperatively, the patient continued therapy with clopi-
ogrel (75 mg) and aspirin (325 mg) for the carotid stents that
ere now in place, but warfarin (5 mg daily) was also initiated for
edical treatment of her contralateral grade 2 carotid injury. A
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resolved right ICA pseudoaneurysm (Fig 6). The patient remained
asymptomatic. At that time her anticoagulation was changed to
dual-antiplatelet therapy with clopidogrel and aspirin.
A repeat CTA at 1 year demonstrated no further evidence of
injury. She remained asymptomatic at 18 months of follow-up,
with a National Institutes of Health Stroke Scale of 0, and mono-
antiplatelet therapy with aspirin (81 mg daily) was started. The
Fig 1. A computed tomography angiogram revealed a distal small
left internal carotid artery dissection and a complex pseudoaneu-
rysm of the right internal carotid artery at the level of C1.
Fig 2. An arteriogram revealed a small non-flow-limiting dissec-
tion of the distal left internal carotid artery and a large complex
pseudoaneurysm in the distal right internal carotid artery below the
base of the skull with sluggish distal flow.lower half of the stents are now visible on carotid duplex imaging. ge will use this modality for follow-up to minimize the patient’s
xposure to radiation.
ISCUSSION
Our knowledge of the natural history of minimal vas-
ular injuries remains incomplete. We know these injuries
ypically take one of the following courses: heal spontane-
usly, remain unchanged, or progress to the next injury
ig 3. Intravascular ultrasound imaging showed the neck of the
seudoaneurysm spanned 2 cm.
ig 4. A completion arteriogram showed rapid filling into the
ight cerebral circulation with sluggish contrast stasis in the pseu-
oaneurysm.rade. Current literature suggests intimal flaps progress to
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Volume 53, Number 2 Stager et al 485pseudoaneurysm in 10% to 29% of patients, but the mor-
phology of the flap does not predict its evolution.1,4 Small
pseudoaneurysms (2 cm) are known to deteriorate over
time if managed expectantly.1,3,5 Their natural history is to
increase in size, become more complex, thrombose, embo-
lize, become infected, or rupture, with or without fistula
formation. There is a tendency of pseudoaneurysm to pro-
trude into the posterior pharyngeal constrictors, thereby
restraining the growth in this direction, as opposed to the
musculature and cervical fascia, preventing lateral or poste-
rior expansion.3 As the pseudoaneurysm deteriorates, the
surrounding tissues become more inflamed and distorted,
making surgical and endovascular interventions more diffi-
cult.
Surgical exposure for the treatment of traumatic ca-
Fig 5. Intravascular ultrasound imaging confirmed good place-
ment of the stents with complete expansion, wall apposition, and
exclusion of the lesion.
Fig 6. A computed tomography angiogram at 3 months revealed
the healed left internal carotid artery and a resolved right internal
carotid artery pseudoaneurysm.rotid pseudoaneurysms found in the upper neck is difficult snd treacherous. High exposure is made possible by man-
ibular subluxation, digastric muscle division, and styloid
rocess removal.6
This case illustrates the possibility of treating high
raumatic ICA pseudoaneurysms with two overlapping
are stents placed under IVUS guidance. Although in-
omplete exclusion of the pseudoaneurysm may be seen
n completion angiography, as occurred in our patient,
ollow-up CTA did reveal complete resolution of the
reated lesion.
The use of bare stents for the treatment of carotid
seudoaneurysms was first reported in the late 1990s.7 Bare
tenting, however, has been criticized due to the high
orosity of the stent that results in incomplete exclusion of
seudoaneurysm. In 1997, Perez-Cruet et al8 described the
reatment of a dissecting pseudoaneurysm with a stent
cross the neck of the pseudoaneurysm and detachable coils
hreaded through the interstices of the stent. This tech-
ique carries a risk of perforation and bleeding in cases of
raumatic pseudoaneurysm because the threaded coil may
erforate the fragile wall of the early pseudoaneurysm.9
overed ultra-thin polytetrafluoroethylene stent grafts,
oth self-expanding and balloon expandable, provide im-
ediate exclusion of the pseudoaneurysm. Yet, introducing
he stent graft into the tortuous distal carotid injury area
ay be technically challenging due to the stent graft’s large
rofile and longitudinal rigidity. Indeed, many of the tech-
ical complications result as a consequence of attempts to
rack bulky devices through delicate vasculature.
As new-generation stents specifically designed for the
arotid vasculature have emerged, there have been remark-
ble improvements in their trackability, profile, and con-
ormability. Although not designed for carotid injury, un-
overed stents have been reported to promote thrombosis
nd exclusion of the extraluminal components.10,11 Be-
ause of the increased flexibility and scaffolding, open-cell
tents should be used preferentially for more distal lesions
ecause closed-cell stents are more rigid and may result in
inks and incomplete expansion.12 Although cerebral em-
olic protection with filters cannot be used for the treat-
ent of distal carotid lesions, proximal protection with
alloon occlusion or flow reversal may be feasible.13
hrombus in a pseudoaneurysm this early after an injury
ay be unlikely, but many trauma patients in our aging
opulation have a history of tobacco abuse and peripheral
rterial disease. Distal protection should not be attempted
f anatomically impossible, but given the minimal risk, it
hould be attempted if no anatomic or physiologic contra-
ndications exist. Currently, distal ICA lesions do preclude
se of an embolic protection device.
In 2001, Benndorf et al14 reported the first case of
sing the two-stent technique to alter intra-aneurysmal
ow and induce thrombosis of the pseudoaneurysm. Since
hen, this technique has been described in few reports.14-18
he rationale for double stenting is based on accelerated
hrombosis within the pseudoaneurysm, which is achieved
y reduced porosity of the overlapping mesh.19,20 Several
tudies have shown that restriction of the intra-aneurysmal
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to the total surface of the stent is small, regardless of the
aneurysm size. If these conditions are met, the flow move-
ment inside the aneurysmal sac can be suppressed to 5%,
thereby promoting thrombosis.19
IVUS imaging allows real-time visualization of the
vessel from within. In the patient presented here, angiog-
raphy underestimated the size of the neck of the pseudo-
aneurysm; however, IVUS imaging allowed correct sizing
of the stent as well as showing the correct location of the
stent overlap to cover the pseudoaneurysm neck ade-
quately. More important, complete stent expansion and
apposition was confirmed with IVUS imaging, because
failure to mold the stent to the arterial wall and wrinkling at
the ends of the stent may cause flow irregularities leading to
thromboembolic events.
CONCLUSIONS
The use of overlapping uncovered stents is a viable
alternative for patients with large, complex, ICA pseudoa-
neurysms and injuries that are surgically inaccessible. IVUS
imaging is a new modality in the armamentarium of endo-
vascular techniques that may allow a more precise deploy-
ment of the stent, thereby reducing adverse events. The
long-term outcome of minimal vascular injuries remains to
be elucidated and mandates a dedicated follow-up of these
patients.
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